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The reference condition for eutrophication Indictor in the Yangtze River Estuary

and adjacent waters—Causal Variables
ZHENG Binghui'* ", ZHOU Juan'?, LIU Lusan'?, LIN Kuixuan'?, ZHU Yanzhong'"

1 State Key Laboratory of Environmental Criteria and Risk Assessment, Chinese Research Academy of Environmental Sciences,Beijing 100012, China
2 State Environmental Protection Key Laboratory of Estuary and Coastal Environment, Chinese Research Academy of Environmental Sciences, Beijing

100012, China

Abstract: The determination of coastal and estuarine criteria is the most effective control tool for scientific management of
eutrophication. EPA proposed six steps for the nutrient development process, including two core parts that the reference
conditions and sub-areas compartmentalization. In the paper, the reference conditions in the Yangtze River estuary and
adjacent water was established as a case study, which only refer to the reason variables. Candidate reference locations can
be determined from compiled data with the help of regional experts familiar with the waters of the area. Base on One
approach can apply a frequency distribution, known as “frequency distribution curve” , the upper 75" percentile be used as a
starting point, the lower 25" percentile is suggested. Establishing the reference condition is but one element of the criteria
development process. Reference condition values are appropriately modified on the basis of examination of the historical
record, expert judgment, and consideration of downstream effects.

In the present study, based on the domestic research, in which the Yangtze River estuary and adjacent waters were
carved up into sub-areas, including four sea sub-areas: transitional zone, coastal zone outside of the estuary, Hangzhou Bay

and Zhoushan Archipelago. As a result of the higher sediment concentration and lower transparency, in which plankton is
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difficult to breed, both in transitional zone and Hangzhou Bay, this tow parts would not be considered. In addition, as
reason variables were referred in the paper, although a wide variety of indicator variables may be possible, the technical
describes development of numerical criteria for the active phosphorus ( PO,-P) and inorganic nitrogen ( DIN) as primary
nutrient causal variables of eutrophication.

The established reference conditions method was applied to determine the reference condition of Yangtze River estuary
and adjacent water, located in the southeast coastal zone of Shanghai city and Zhejiang Province, which is an important
coastal area in China. With SPSS13.0 software, based on the monitoring data during 1992—2010, and relevant research
results, as well as consulting expert experiences, the condition values that be refer the nutrient criteria values are listed in
the order generally followed; in coastal zone outside area, the DIN reference condition values were 0.317mg/L in spring,
0.273 mg/L in summer, 0.211 mg/L in autumn, the PO,-P reference condition values were 0. 014mg/L in spring, 0. 009
mg/L in summer, 0.018 mg/L in autumn; in Zhoushan area, the DIN reference condition values were 0.372mg/L in spring,
0.273 mg/L in summer, 0.441 mg/L in autumn, the PO,-P reference condition values were 0. 020mg/L in spring, 0. 018
mg/ L in summer, 0.029 mg/L in autumn. Compared to the relevant research about eutrophication in the same study area, the

reference condition values, which acquired through “frequency distribution curve” , were closed to the history states.

Key Words: eutrophication indictor; reference condition; DIN; PO,-P; Yangtze River estuary
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Fig.2 The station map of the Yangtze River and its adjacent areas
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®1 KIOBHEFENEMERSHIMER (mg/L)

Table 1 Characteristic value of DIN in spring in Yangtze River estuary

ER(GE KILE SR FHLTEIX
Whole sea area Outside Yangtze River Estuary Zhoushan sea
FEZA i Sample size 495 68 170
F-H{H Mean 0. 906 0.520 0.514
A5 43 Lt Frequency percentage/% 5 0.268 0.201 0.177
25 0.483 0.317 0.372
50 0.783 0.412 0.504

£2 KINBHEFLNERMESHIMER(mg/L)

Table 2 Characteristic value of DIN in summer in Yangtze River estuary

At KT A AN IX Fh g X
FEA 419 64 141
SEH{E 0.786 0.566 0.446
PR 53t % 5 0.147 0.103 0.068
25 0.447 0.273 0.273
50 0.711 0.599 0.455

£3 KIOBEMERELNEMESHINER(mg/L)

Table 3 Characteristic value of DIN in autumn in Yangtze River estuary

B3 KT AT X FF L X
FEA 522 72 178
FHIE 0.795 0.449 0.548
PR E 43t % 5 0.213 0.091 0.222
25 0.502 0.211 0.441
50 0.737 0.361 0.529
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Fig.5 Frequency distribution map of DIN in spring in Yangtze River estuary
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Fig.6 Frequency distribution map of DIN in summer in Yangtze River estuary
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Fig.7 Frequency distribution map of DIN in autumn in Yangtze River estuary
3R 1, E 5 aTLE BRI AN X TCHL R A0 AT 25% W{EH 0. 317 mg/L fE RS
ARAHEFEE, LU SEE 0. 201—0. 412 mg/L, A 1LTEE X TCHL R R 2047 i A7 F 25% B9{E R 0. 372
mg/ L, S BRESHEAAE , HIESEFH 0. 177—0. 504 mg/L,
2, & 6 WL . B ZE KL SN X IO A0 I 200 T 25% HI(E R 0. 273 mg/L,1E RS I8
ARSHEAEE , HPShERE R 0. 103—0. 599 mg/L; S 1L X TCAL IR 5345 th A T 25% M1E R 0. 273 mg/LL,
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F S BARSHEREH , HIE S0 15 F 2 0. 068—0. 455 mg/L,

H 33, B 7 AT LR KGRI F AR IR X TCHL B o A 467 T 25% WIMEH 0. 211 mg/L, S MUK
DA, HIEShE RN 0. 091—0. 361 mg/L; £ 1L X Y 222 TCALEIR 450 A th 260 F 25% WA A 0. 441
mg/L, A% MURSHERAA , HPghu By 0. 222—0. 529 mg/L,

3.3 KILOE S FIRIE MR Eh 2 BRI vl A i

K HARF R 5%, R SPSS13. 0 B AL i —4EM A o AT R )7, 43 % 1992—2010 4R B Bk =F KT

1AM DX R R L0 DX TP 8 1 A 500 T A 3 08036 0 A AT, A0 MIr s SR L 34— 6 [ 8— &1 10,

R4 KINBEEFTRETEHMBRBNESHSNER (mg/L)

Table 4 Characteristic value of PO,-P in spring in Yangtze River estuary

S} KA AT I X FHLIEE X
FEA 490 67 166
A 0.029 0.020 0.024
BIRE 43 H/ % 5 0.010 0.002 0.007
25 0.023 0.014 0.020
50 0.029 0.020 0.025
70 b A - 14 |- KILAOSMEHRR  — 30 Mg
60 |- u 12 |- 25+
> 50 10 — M
g L — ﬂ\ 201
3. 40 - | 8 |- — |
E 15+
% 30 6 || oL L
R 20 - 4l —
10b 2 S
0 o & 0
0 0.0200 0.0400 0.0600 0 0.0100 0.0200 0.0300 0.0400 0 0.0200 0.0400 0.0600
TE LR SR POL-P/(mg/L)
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Fig.8 Frequency distribution map of PO,-P in spring in Yangtze River estuary

£5 KINBEHEFREFUHRBFESHINER (mg/L)

Table 5 Characteristic value of PO,-P in summer in Yangtze River estuary

EoeE KT ASMERFIX FrILRIX
A 413 61 136
FHE 0.032 0.020 0.025
BT 53 b/ % 5 0.003 0.001 0.001
25 0.023 0.009 0.018
50 0.032 0.022 0.026

F6 KINBEMEREFUHBBREFESHINER (mg/L)

Table 6 Characteristic value of PO,-P in autumn in Yangtze River estuary

AR KA AT X FHLEIX
FEA 517 72 175
A 0.038 0.023 0.035
B 43 5 0.018 0.001 0.020
25 0.030 0.018 0.029
50 0.039 0.025 0.034
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Fig.9 Frequency distribution map of PO,-P in summer in Yangtze River estuary
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Fig.10 Frequency distribution map of PO,-P in autumn in Yangtze River estuary

H R 4,18 8 AT LI A A VT H AN U D PR R R 5 40 A i 2 62 F 25% 1B 0. 014mg/L, IS
WEORAHEEAE, U SIE R 0. 002—0. 020 mg/L; FF LR DX 35 PR IR ER 45 %43 A 57 F 25% BIAE M 0. 020
mg/ L, A2 BURESHEAAE , HIE S5 FH 0. 007—0. 025 mg/L,

5,19 AT LIE B A VT H AN DG PR R R 05 43 A1 i 2 62 F 25% MIEH 0. 009mg/L, S
FERAS LA, OB sh 75 BB A 0. 001—0. 022 mg/T; FF LLHAR IX i 1 B i 0 490 R o0 A i £ 037 T 25% HOE N
0.018 mg/L, AZMCRSHEFAE , Lk 8075 Fl b 0. 001—0. 026 mg/L,

3R 6, 10 TTLUFE K ZE KT 1 A TR X336 A4 Wl 1 SR 1 38 43 A i 2665 T 25% FAELH 0. 018 mg/L,
Z MR SHEAAE, H OB hE R 0. 001—0. 025 mg/ L F L XI5 PR SR 503 20 A1y i 22 T 25% BI{H A
0.029 mg/L, AZMARSHEEE , HIESE RN 0. 020—0. 034 mg/L,

3.4 KILO BRI R

SR IR S3A0 ATT T JUAFAR YT 1 B &30 i Sk JC ML UG M B R R 2 AR FRAIE , W1 25 HEWT T VL 1 AN X
S FHLEIX &S SRR PR R AR S R (£ 7) o WL R SR X A ) 25795 (0] 4548 A 1 2 HRAR
BAEAFTE—E W25 BRI T 1A B 7 4R 25 A AR AR TR Z ) AR, A1 B OGHIAT 11 2R 47 43 DX 43 H0 ok 3 R 1Y)
PR AR R AL
4 itig

2 RS A 5 S5 FR R 3 o ) 22 (0 O | AR SCFE [ N A4 3 A B Al 112 SR T 1 R AR g
BCE SRR M E TAE X2 X 38 5 BRI T — 2 IR R SR

(1) JCALAURITE 1 R 11 Ay = 2 94 D PR A bl 46 R 2 M 8 sl L B R 080 SR At AT s 4 1 FH 3
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FEET BN R ABRRAS ™ DRt 78 oAbt DT 11 8 78 35 AR AR e IO I 1 MR FR AR A, 18 B AR 4G
ANTRIRT PR A PR RAE EA T 1 2 DR, M B X ) o 2 9] 1985 SR R RE e | B 10 4 ol A PHLRT 11  3 57
A,

x7 KINOBHEERLERREZESRRTE
Table 7 Reference condition of eutrophication reason indicator in Yangtze River estuary
KA H M X
Outside Yangtze River Estuary

41X Whole sea area FF1ILEIX. Zhoushan sea

JE AR A i

BARES A5y
Consal varible Season 2 _— SR A5 2 A5
condition range
TAHLA HF 0.483 0.268—0.783 0.317 0.201—0.412 0.372 0.177—0. 504
DIN(mg/L) HZ 0.447 0.147—0.711 0.273 0.103—0.599 0.273 0.068—0.455
& 0.502 0.213—0.737 0.211 0.091—0. 361 0. 441 0.222—0.529
TE VR ER HFE 0.023 0.010—0. 029 0.014 0. 002—0. 020 0.020 0.007—0. 025
PO,-P(mg/L) ES 0.023 0.003—0. 032 0.009 0.001—0. 022 0.018 0.001—0. 026
= 0.030 0.018—0.039 0.018 0.001—0. 025 0.029 0.020—0. 034

(2) AR SCE AT 1992—2010 AR5, HEATHIR 4B, 45 17 VT AN [A] IXOAS [R] 277 5 8 R A4 A i [
AR S BRAS , ARV 1 K AR IR I R GERL, A% i85 B AS M M — MR IR S 50 0E . AR [ T
K 1958 AFEK YT 0 K AR vl 1% ME MR R SR W FE M 0. 0114 mg/LM") | 5 bS04y 2 OIS AR, S+ 1L it
X 1981 AE{G MERE R ER W 4 0. 031 mg/L7™ | 545 H A0S BRI S B AAHAL ; X FICHLAL, 1963 4K T 171 i 5§
9°0.224 mg/L7 | 545 A S RS LG, T 540 X S IR S EM T, 22 LFEH, RA“3
W A5 BN 5 FE B AT A3 A i 2 B 58 S RS, AR T AR 24 BT R VT 10 B 40530 VA sk 1 75 5% e o

(3) TERI I« S IR S SOWI S HR PR A A 20k i 2 % RS R B b, R, A FE A 508 72
JEEPIRDL T (/04 HEE 10a BRI ) |, R BE R 10 24 V820 B0 AS 70 L s, O AR I o] 11 43 28 45 51 | T 28
FbTRT 150 2 A5 AR RLIT 1 A2 25 R e 3 SR BR300 A R 4 38 4o 2 LU IAT 11 2 25 R A (B DA T AR AR A 5 10T 11
X 1SR,
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